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The Relationship Between Electrical Resistivity and 
Hydraulic Conductivity in Two Fractured Bedrock Aquifers in 
Western Montana (79 pp.)
~ (e> -Director: William W. Woessner
This study was conducted to empirically derive a 
relationship between the apparent formation factor 
determined from surface resistivity geophysics and the 
hydraulic conductivity in two fractured argillite aquifers 
in western Montana.
Schlumberger vertical electrical soundings were made 
adjacent to pre-existing wells finished in argillite from 
the Precambrian Belt Supergroup. The soundings were 
interpreted using the micro—computer program ELECT87 which 
required input of layer thicknesses and resistivities to 
calculate theoretical curves which were then matched to 
field data. The resistivity models were constrained using 
information from well logs and outcrop inspection. An 
apparent formation factor was determined by dividing bulk 
aquifer resistivity by pore water resistivity. Each 
formation factor was correlated to a hydraulic conductivity 
value determined from aquifer tests. Constant discharge 
pumping tests were conducted using wells which contained a 
submersible pump, otherwise slug tests were used.
Aquifer test data and outcrop inspection indicated the 
aquifers were double porosity systems. The first porosity 
consisting of microfractures due to a rock cleavage, the 
second being the major joints and fractures. The aquifer 
tests were then analyzed using type curves developed for 
double porosity media.
An inverse relationship was observed between the apparent 
formation factor and hydraulic conductivity and is 
attributed to a previous theory inversely relating 
electrical resistivity to fracture porosity in a double 
porosity medium. The fracture porosity is then directly 
related to hydraulic conductivity.
The apparent formation factor — hydraulic conductivity 
relationship can predict aquifer properties in a fractured 
argillite terrain. However, it is limited by the effects of 
grain surface conduction from clay minerals and variable 
water quality, which generally make the relationship site 
specific.
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Preface
This thesis is divided into two sections- After 
critical review, I will submit Section I, "The Relationship 
Between Electrical Resistivity and Hydraulic Conductivity in 
Two Fractured Bedrock Aquifers in Western Montana", for 
publication in Ground Water. Section I provides a summary 
of my entire investigation.
Section II consists of appendices which give the 
methods, interpretations and actual data used in the 
procedures and results of Section I.
IV
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INTfMJDtJCTiaN
Ideally, one triee to locate zones of optimum hydraulic 
conductivity for the purposes of water resource development. 
This is often very difficult in fractured rock aquifers due 
to the heterogeneity created by a particular fracture 
network. The hydraulic conductivity can vary throughout a 
given area as a result of the differences in size* number 
and distribution of fractures. Well drillers familiar with 
an area underlain by fractured rock will readily testify as 
to the inconsistency of well yields.
The problem of locating water supplies is especially 
acute in those areas of the northern Rocky Mountains which 
are underlain by rocks of the Proterozoic Belt Supergroup 
(Figure 1). The Belt Supergroup is comprised of 15 
kilometers of alternating sandstones, argillites and lesser 
amounts of carbonates <Winston 1986). The region which 
encompasses these rocks has been tectonically active since 
the Proterozoic. This long and complex tectonic history is 
responsible for the fractures which give the Belt Supergroup 
its porosity and permeability.
In western Montana, Belt Supergroup rocks serve as the 
primary aquifers along valley flanks and at higher 
elevations. Wells completed in the Belt Supergroup can 
yield up to lOO gallons per minute. Boettcher <1702), 
however, indicates that the average yield is only lO gallons 
per minute. This is usually adequate for most domestic use
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1. Distribution of known exposures of Belt rock 
and locations of study sites (after Harrison*
1972)-
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but unsatisfactory for commercial or agricultural needs. 
Zones of intense fracture concentration may account for the 
greater wel1 yields of up to lOO gallons per minute. 
Unfortunately, these areas are often indistinguishable on 
topographic maps. The challenge is to find a method which 
delineates these highly productive areas. Landowners 
currently rely on random drilling or water witching to 
locate these zones, a costly and ineffective approach. Wi th 
an ever-increasing demand for adequate water supplies in 
bedrock terrains, hydrogeologists need to develop methods to 
maximize their efficiency at finding water. To aid this 
quest, I chose to evaluate the use of electrical resistivity 
prospecting to determine the aquifer properties of fractured 
bedrock in western Montana.
PREVIOUS MONK
The most important contribution relating aquifer 
properties to electrical resistivity came from Archie (1942) 
who conducted empirical studies relating the formation 
factor, defined as the bulk aquifer resistivity divided by 
the pore water resistivity, to porosity in sandstone. The 
formation factor reflects the intrinsic properties of a 
formation’s porosity assuming that the pore water is solely 
responsible for current flow. However, grain surface 
conductance also accounts for part of the current flow 
(Keller and Frischknecht, 1966). Surface conductance is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
related to the amount of clay minerals in the formation 
(Worthington, 1976; Worthington, 1977). When surfacd 
conduction occurs, the term apparent formation factor 
(Huntley, 1986; Urish, 1981) substitutes for formation 
factor.
Within the past ten years, substantial efforts were 
made to apply surficial resistivity prospecting to measure 
consolidated and unconsolidated aquifer properties in the 
United States and abroad. Kelly (1977) and Kosinski and 
Kelly (1981) established a relationship between the apparent 
formation factor and the hydraulic conductivity in glacial 
outwash aquifers in Rhode Island. Their approach was to 
measure the aquifer resistivity at locations where the 
transmissivity and hydraulic conductivity were previously 
determined. By applying regression analysis, they found a 
direct relationship between these parameters.
Kwader (1985) used a similar approach and also found a 
direct relationship between formation factor and hydraulic 
conductivity in a carbonate aquifer in northwest Florida.
Verma et al. (1960) used resistivity to successfully 
locate water supplies in fractured metamorphic terrains in 
India. Their study showed a correlation between well yield 
and the transverse resistivity defined by Zohdy (1965) as 
the resistivity which dominates due to refraction when a 
resistant bed lies between two conducting layers. However, 
this relationship is applicable only when the aquifer is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
bound on both sides by less resistant layers.
GOALS AND OBJECTIVES
The primary goals of this study were to determine 
whether the previously established methodologies are 
applicable in a fractured argillite terrain and to further 
enhance the present techniques which relate electrical 
resistivity to hydraulic conductivity. My specific 
objectives were to:
1. Determine the effectiveness of surface resistivity 
methods to delineate fractured aquifers;
2. Establish a relationship between the apparent formation 
factor and hydraulic conductivity in fractured argillite 
terrains;
3. Assess the potential of surface resistivity studies to 
help determine optimum well locations in a fractured 
aquifer.
In this report, I first describe the methods and 
procedures of data collection and reduction. I then give my 
results, provide a discussion of their significance and list 
my conclusions.
I used two general criteria for the selection of study 
sites: <1) The main aquifer serving nearby wells is composed
of fractured bedrock with an overburden—bedrock interface
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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within lOO feet of land surface; <2) The general area is 
free of underground wires, pipes or any other unnatural 
conductive material. The first criteria facilitates 
interprétât ion of resistivity data, the second assures that 
only the resistivity of the geologic components is measured. 
I chose two sites in western Montana (Figure 1> which met 
these conditions.
After examining well driller’s reports to locate wells 
which penetrate bedrock, I measured water levels, specific 
conductance, which is the ability of water to conduct a 
current, and made outcrop inspections in each study site to 
provide the hydrogeo1ogic information necessary in later 
inferences. I conducted aquifer tests using pre-existing 
wells in each area. I ran short-term pumping tests when 
wells already contained submersible pumps, otherwise slug 
tests were used (Cooper et al., 1967; Papadopulos et al.,
1973) since they do not require a constant discharge from 
the well. Data analysis relied on curve matching techniques 
using type curves designed for the fractured conditions 
encountered in each area.
For the resistivity surveys, I used both Schiumberger 
and Wenner electrode configurations (Parasnis, 1972). All 
vertical electrical soundings (VES) in sites one and two 
relied on the Schlumberger quadripole arrangement. I chose 
this method for two reasons: (1) The Schlumberger array
allows a more accurate interpretation of sounding data
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
a
(Zohdy et al.» 1974) and (2) less time is required per 
sounding since the potential electrodes remain in place 
during most of the sounding procedure.
Resistivity data for the Schlumberger VES are usually 
plotted bi-logarithmically as apparent resistivity versus 
one half the current electrode spacing. The data are 
interpreted using curve matching techniques (Van Nostrand 
and Cook, 1966) or computer software. I interpreted all
sounding data using a commercially available resistivity 
modeling program called ELECT87 from Rockware Incorporated. 
This particular program required input of layer thicknesses 
and resistivities for the forward calculation of theoretical 
resistivity curves using the methods of Ghosh (1971). I 
generated theoretical curves until one was found which best 
fit the observed field data. I checked the validity of the 
computer program by successfully modeling other geoelectric 
soundings which were previously interpreted with curve 
matching techniques.
During interprétâtion, it is essential to give critical 
consideration to the local geological constraints. Flathe
(1976) warns how field data are often misinterpreted due to 
equivalence and suppression (Battacharya and Patra, 1968» 
Sharma, 1976) of the geoelectric layers. Indeed » I found 
that field data from any sounding could be interpreted using 
a number of different models, the results are not unique. 
Fortunately, geological control in the modeling process was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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maintained using information obtained from well drillers 
logs and outcrop inspection.
I chose the Wenner method for profiling in light of 
time considerations. In this arrangement, all electrodes 
remain equidistant. Only one electrode is then moved over 
the remaining three in leap-frog fashion after each 
measurement. This enables a rapid reconnaissance of an 
area. Unfortunately, the vegetation density in site one 
proved too restrictive for horizontal profiling, therefore,
I applied this technique in site two only.
I used a portable Soi 1test R—60 D.C. Earth Resistivity 
Meter for all soundings and profiling. This instrument is 
reported to have a depth sounding capability of up to 2000 
feet (609.6 meters) under favorable conditions. The 
transmitting unit can supply a current of up to one ampere, 
the normal operating range for this study was between 50 and 
150 mi 11iamperes. The amount of vegetation at site one 
generally constrained the maximum current electrode 
separation to 800 feet (243.8 meters). At site two, a 
maximum of 2000 feet (609-6 meters) was used.
RESUL.XS 
Site Ones Arlee Pinos
Arlee pines is an unimproved subdivision located along 
the western flank of the Jocko Valley approximately two 
miles (3.2 kilometers) west of the town of A r 1e e , Montana
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Figure 2). The area of interest is 0.3 square miles <0-78 
square kilometers) and is at an average elevation of 3600 
feet (1.1 kilometers). The area is moderately forested and 
hilly.
The bedrock is argillite of the Missoula Group of the 
Belt Supergroup (Harrison et al.» 1981). The bedrock grades 
into a weathered zone which eventually forms a saprolite 
layer. In road cuts, the saprolite shows distinct 
weathering—in—place and much of the original structure of 
the bedrock is preserved. The saprolite is then overlain in 
varying degree by Quaternary alluvium. The saprolite and 
alluvium have a combined thickness ranging from 20 to 40 
feet <6.1 — 12.2 meters).
In outcrop, the unaltered bedrock displays different 
fracture styles resulting from the long and complex regional 
tectonic history. The general area has undergone Cretaceous 
to Eocene shortening during the Laramide orogeny and Eocene 
to recent extension (Winston, 1986). Sears (1988 personal 
communication) contends that much of the area’s fracture 
permeability results from extension which opened fractures 
initiated during earlier shortening. Weather ing and erosion 
may have also created sheet jointing due to vertical 
extension resulting from overburden release <Larsson, 1984).
A rock cleavage (schistosity) is also pervasive throughout 
the area and strikes roughly north—south, dipping 
approx imately 70** to the west. The major joint sets and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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fractures overprint the rock cleavage wi th spacings of 2 to 
lO feet (0.6 — 3.0 meters).
The aquifer within much of the study site is confined 
by the saprolite layer but is unconfined at higher 
elevations where the potentiometric surface is lower than 
the bedrock—saprolite transition. As with most fractured 
rocky aquifer permeability decreases with depth (Davis and 
Turk y 1964; Larssony 1984). Resistivity and well log data 
suggest an aquifer thickness ranging from 75 to 120 feet 
(22.9 — 36.6 meters> in this study area. Ground water flows 
east (Figure 2) at an average temperature of 9=*C with a 
specific conductance that varies from 100.28 to 222-36 
Hmhos/cm.
Aquifer tests
I analyzed the aquifer pumping test data from site one 
using the double porosity models of Boulton and Streltsova
(1977) and Streltsova-Adams (1978). I considered the 
aquifer in site one as a double porosity medium (Barrenblatt 
et a l .y 1960) due to the two different fracture styles: (1)
micro—fractures from the rock cleavagey and (2) major 
fractures and joint sets. This model consists of high 
porosity— low permeability blocks of microfractures separated 
by fractures and joints which are highly permeable. A 
fractured sandstone would be a typical example where the 
primary intergranular porosity is augmented by fracture
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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porosity. In this particular area, the rock cleavage is a 
surrogate for the primary, intergranular porosity. And 
since porosity is a dimension1ess quantity, it is unaffected 
by any anisotropy created by the rock cleavage. This block 
porosity serves mainly as a storage component with the 
fractures as the major conduits of ground water flow.
I observed two distinctly different drawdown— time curve 
shapes during testing (Figure 3). The curve from well AP—3 
data is similar to the type curves given by Boulton and 
Streltsova <1977) for a confined fissured aquifer. Their 
model transforms the double porosity system of randomly 
oriented blocks and fissures into a regular set of block and 
fissure units for mathematical treatment.
Well AP—4 is located at an elevation where the aquifer 
is unconfined. It's drawdow—time curve (Figure 3) resembles 
the type curves of Streltsova—Adams (1978) for an unconfined 
fissured aquifer or the Hantush and Jacob (1955) curves for 
an infinitely leaky aquifer. Both models are equally 
applicable here since they rely on the same drawdown 
equations (Streltsova—Adams, 1978)_
I used a slug test to determine a transmissivi ty value 
in well AP— 1 since it was the only well in site one which 
did not contain a submersible pump which could be used in a 
constant—discharge pumping test. The results of aquifer 
tests are given in Table 1.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Summary of aquifer test analyses.
Wei1 Transmissivity
Location gpd/f t (h /̂cI)
slug test pumping
AP-1 55 (0.6G) --------
Site AP-2 45 (0.56) 48 (0.60)
One AP-3   64 (0.80)
AP-4   128 (1.60)
Site JR-1   369 ( 4.58)
Two JR-2   386 (4.80)
JR-3 168 (2.09)------ --------
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Resistivity
The locations of the geoelectric soundings are shown in 
Figure 4. Figure 5 presents an example of a sounding curve 
along with my geologic interpretation. The theoretical 
curve in Figure 5 shows a slight departure from the actual 
field data probably due to interference from lateral 
heterogeneities along the sounding line (Zohdy et a l .,
1974). Note that the fractured aquifer is partially 
concealed by the low resistivity saprolite layer due to 
suppression. This exemplifies how layers become masked by 
large resistivity contrasts and illustrates why successful 
interprétâtion of resistivity data requires an independent 
source of geologic information. All geoelectrical and 
hydrological information derived from the soundings and 
aquifer tests in both sites one and two are given in Table 
2.
Site Tm d : Jette Ramcfi
Jette Ranch is an unimproved subdivision, located 
approximately 5.5 miles (8-8 kilometers) northwest of 
Poison, Montana (Figure 6). This flat, treeless field, 0.43 
square miles (1.1 square kilometers) at 3400 feet (1.04 
kilometers) elevation, is on a bedrock bench overlooking the 
town of Poison. Argillite bedrock from the Ravalli Group of 
the Belt Supergroup is overlain by 45 to 145 feet (13.7 — 
44.2 meters) of Quaternary glacial outwash deposits
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Boettcher, 1982) consisting of sand, gravel, silt and clay.
Two fracture styles identical to those in site one are 
present and presumably were caused by similar mechanisms. 
Cleavage trends north—south and dips approximately 75** to 
the west. Joint sets are spaced approximately 2 to lO feet 
(0.6 — 3.0 meters).
The main aquifer in this area is unconfined with a 
water table located at an average depth of 120 feet (36.6 
meters). Resistivity and well log data indicate an average 
aquifer thickness of 300 feet (91.4 meters). Ground water 
flows south (Figure 6) with an average temperature of 12**C 
and specific conductances of 198.38 to 273.59 Hmhos/cm. Well 
logs and resistivity profiling suggests the presence of a 
perched system within the glacial deposits which may help 
recharge the underlying fractured system. I considered the 
fractured aquifer as a double porosity medium due to the two 
distinct fracture styles of rock cleavage and jointing.
Aquifer Tests
Figure 7 shows a drawdown— time curve characteristic of 
site two. Since the fractured aquifer is unconfined, I used 
the double porosity model of Streltsova—Adams (1978) to 
analyze aquifer pumping tests. I used a slug test for well 
JR—3 since it did not contain a submersible pump. Table 1 
summarizes the results.
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Resistivity
The locations of each sounding in site two are shown in 
Figure 8. Figure 9 gives an example of a sounding curve 
along with my interpretation. The results of each sounding 
are given in Table 2.
D1SCUB51IM
I refer to "apparent formation factor" in this study
since the effects of surface conduction from clay minerals
cannot be ignored for either site. Hunt1y (1986) showed
that both clay content and water salinity affect the value
of the formation factor in granular aquifers. Using a
parallel resistor model, the relationship of water salinity
and clay content with the formation factor was defined by
Patnode and Wy 11ie, (1950) as:
1/F«^=1/F %+pw/pc ( 1 )
where: F* is the apparent formation factor 
F& is the intrinsic formation factor 
Pw is the water resistivity
Pc= is the resistivity due the presence of clay 
m i ner a 1s
Although this formula was derived for granular media» the 
same principles of electrical resistance are equally 
applicable for fractured rock.
I am uncertain how water quality and clay content 
influenced the formation factors determined for the two 
study areas. Equation 1 shows that the formation factor 
will change according to the ratio p w / p c  The actual amount
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of change requires analyses of clay content and resistivity 
for aquifer core samples saturated with water of different 
salinities. This analysis is beyond the scope of the study. 
Cognizant of the potential for error, I assumed that the 
1ithology within and between the sites is relatively 
constant. This assumption implies that any effect from clay 
minerals is constant and allows me to combine the results of 
all soundings.
A plot of apparent formation factor versus hydraulic 
conductivity is given in Figure lO. Some of the scatter 
among data is probably due to the effects of variable water 
quality and the presence of clay minerals. However, a clear 
relationship between apparent formation factor and hydraulic 
conductivity is apparent. The inverse relationship between 
these two parameters is best explained by the definitions of 
formation factor and hydraulic conductivity in fractured 
med i a •
Tselentis (1985) developed an expression for the 
formation factor in fractured conditions using a double 
porosity model. His main assumption was that the matrix of
the porous block does not conduct a current. For this
study, the same assumption applies to the argillite. His 
equation for the "equivalent formation factor", F»^ , is:
/ Pw < 2 )
or :
F««,=Pc»/< f»*P«,+P%-( 1-fl^) ) (3)
where: p«q is the equivalent resistivity
(block and fracture)
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Pm  is the resistivity of the fluid (fracture)
Po is the bulk resistivity of the block 
0 is total porosity (block and fracture) 
f is the fracture index of the aquifer 
(fracture porosity/total porosity)
Equation 3 is extremely important because it provides a link
between the block and fracture systems and shows that with
no fractures in the aquifer» f=0 and you return to Archie's
(1942) expression F=Po/pw for the case of a granular
aquifer.
Tselentis (1985) further related the fracture porosity 
to the hydraulic conductivity by substitution into Snow's 
(1968) equation relating the fracture width (B) to hydraulic 
conductivity (K)s
K = (T/12H) (NB=) (4)
where: N is the number of fractures per unit width across 
the rock face 
T is the specific weight of the fluid
H is the dynamic viscosity of the fluid
Although mathematically incorrect, Tselentis (1985) 
used the fracture porosity (f^) as a surrogate for (NB) in
equation 3. Intuitively» this substitution is valid when
considering that the fracture porosity represents a path of 
least resistance to flow. By conceptually substituting into 
equation 4» the hydraulic conductivity is then:
K= t /(12h > (ff»)=* (5)
Fracture porosity could then provide some connection between 
hydraulic conductivity (K) and the formation factor (f »«,) in 
a fractured double porosity system. However » it is unlikely 
that fracture porosity is the only aquifer parameter which
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controls the hydraulic conductivity of fractured rock, 
obviously equation 5 is an over simplification. But 
equations 3 and 5 explain how an increase in the hydraulic 
conductivity will decrease the value of the apparent 
formation factor as illustrated in Figure 11.
Geoelectric soundings provide valuable information 
regarding aquifer thickness when valid interprétâtion 
techniques and the inherent limitations are kept in mind.
The problems of non-uniqueness are limited by introducing 
independent geologic information into the interprétâtion 
process. In this study, I used well driller's logs to 
constrain the models. However, other geophysical techniques 
<e.g. seismic refraction) may be used for this purpose.
The equations of Tselentis (1985) and Snow <1968) imply 
that an inverse relationship between the apparent formation 
factor and hydraulic conductivity is expected in those areas 
where double porosity occurs. This relationship is apparent 
in this study as illustrated in Figure lO. Unfortunately, 
little work exists to offer alternative explanations for 
this phenomenon in fractured rock. Clearly, further studies 
of this nature should be initiated. Figure lO is also 
useful to predict the hydraulic conductivity from the 
apparent formation factor determined from surface 
resistivity. However, the effects of variable water quality
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and c lay content create statistical uncertainty in Figure 
lO, hence, only an estimate is possible. The formation 
factor—hydraulic conductivity relationship is site specific 
due to these effects. The slope in Figure lO should not be 
expected in other lithologies.
The electrical resistivity technique can augment the 
test drilling process when searching for maximum well yield 
in a fractured argillite terrain by delineating those areas 
with potentially higher hydraulic conductivity.
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APPEMDIX ONE 
CflLl-ECTIfM AM) INTERPRETATIfM OF RESISTIVITY DATA
This appendix describes the methodologies and problems 
encountered in collecting data from my study sites at Arlee 
Pines and Jette Ranch. Site locations and general 
descriptions are omitted here but can be found in Section I 
of this thesis. This appendix also contains sounding d a t a , 
computer models and interpretations.
DATA COLLECTION
I used both Wenner and Sch1umberger electrode 
configurations in this study. The sounding and profile 
locations at sites one and two are given in Section I of 
this thesis.
I conducted all soundings using the S c h 1umberger array. 
A prime advantage of this configuration is that the two 
potential electrodes remain in place during most of the 
sounding* saving considerable time. Zohdy et al. (1974) 
also point out several advantages of using this method over 
the Wenner: (1) The Schlumberger sounding curves show a
slightly greater probing depth and resolution than the 
Wenner for the same AB spacing* (2) stray and telluric 
currents can affect results of a Wenner array more than the 
Schlumberger * and <3) The Sch1umberger array is less 
affected by neai— surface heterogeneities than the Wenner.
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APPARATUS
I used a portable S o iltest R—60 D.C. Earth Resistivity 
Meter for all resistivity measurements in this study. The 
manufacturer reports this device can explore to depths of up 
to 2000 feet under favorable conditions. Separate 
transmitting (power) and receiving (potential) units 
eliminate errors due to mutual interference. The 
transmitter can supply 45 to 810 volts D.C. with a current 
of up to 1 ampere. The normal operating range for this 
study was between 50 and 150 mi 11iamperes. The receiver has 
a range from .002 ohms to 22»500 ohms resistance or from .02 
to 10,000 millivolts with an accuracy of ± 2% down to -02 
ohms and ± 8% between .019 and .002 ohms. I used three foot 
by one—half inch copper clad grounding rods for the current 
and potential electrodes.
PROBLEMS ENCOUMFEHED
I conducted the field work in mid—summer when the 
ground surface was often very dry. As a result, the current 
and potential electrodes were frequently watered between 
measurements to ensure good electrical connection to the 
subsurface.
I also checked all wiring and connections often to 
avoid ambiguity in data caused by current leakage (Zohdy, 
1968). At times the connections did come loose, but this 
problem became readily apparent when measurements were
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attempted.
Vegetation density became a problem in site one when I 
attempted to maintain a straight sounding line.
Occasionally» trees and large bushes blocked the sounding 
line and small deviations from the true line were necessary 
to complete the sounding. However, this occurred mainly at 
the larger spacings where it would have little influence on 
the data.
DATA liffEWPWETATiaW
Resistivity data are interpreted by type curve matching 
(Battacharya and Patra, 1968; Keller and Frischknecht, 1966:
Sharma, 1976; Van Nostrand and Cook, 1966» and Zohdy et al.»
1974) or using computer software. Interpretation for the 
purpose of this study relied on the microcomputer program 
ELECT87 by Rockware Incorporated which was available through 
the Geology Department at the University of Montana.
Input into the program consists of layer thicknesses 
and resistivities. The program then solves the “forward" 
problem using the methods of Ghosh (1971) who rewrote the 
Stefanescu integral (Flathe» 1955; Van Dam, 1967) a s :
p.=r*® j* T(H ) Jo<H »r >HdH (1.1)
where T (M ) is referred to as the transform function. A 
Value of T (M ) is determined by the layer resistivity and 
thickness. For a three layer case:
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( 1 .2 )
< 1+kx kesexp(-2Hhas ) ) + (kiexp(-2Mh& )+kgexp( -2(h% +hg ) ) ) 
( 1 +k& kgexp ( -2Hhg ) ) - ( kx exp (-2Hh» >+k«exp (-2( +h«s > ) > 
where kx is the reflection coefficient* i the layer number. 
The program outputs apparent resistivity values calculated 
for the selected electrode spacings and a graph showing both 
theoretical and observed data curves.
I would then model the situation by generating 
theoretical curves using the available geologic information 
until one was found which closely matched the field data.
Site One: Arlee Pines
1 created a conceptual geologic model of site one based 
on well log information and outcrop inspection. This 
generalized model along with the parameters used in the 
computer modeling are shown in Figure 1. I found the 
resistivity values of all materials are well within ranges 
listed in the texts of Parkhomenko (1967) and Keller and 
Frischknecht (1966)
I would emphasize that the transitions from one 
material to another or from unsaturated to saturated 
conditions are often gradual. These conditions make it 
extremely difficult to pinpoint the exact breaks in 
resistivity since there are seldom sharp boundaries in 
nature. I chose boundaries which not only satisfied the 
field data, but also made hydrogeological sense.
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Interprétât ion was then a matter of assimilating all 
available geologic information for modeling. A geological 
classification scheme for Figure 1 is as follows: Zone A 
represents material composed of alluvium and humus (topsoil 
layer) which is gradational into highly weathered bedrock 
(saprolite). The saprolite consists of clay—rich» altered 
bedrock which retains much of the original bedrock 
structure. Within the saprolite are unaltered» cobble size 
bedrock fragments. The ratio of topsoil to saprolite varies 
in each sounding location» and in part» accounts for the 
variability in resistivity. Soil moisture content and 
quality also contribute to the overall resistivity. An 
additional layer of high resistivity is included in zone one 
for sounding AP— 1 » representing very dry conditions near the 
surface.
Zone B consists of saprolite which is at or near 
saturation. The variation in resistivity of this layer is 
again a function of water quality» quantity and of clay 
content- This clay—rich layer serves hydrologically as an 
aquiclude for the confined ground water system. This 
material grades into fractured and unaltered bedrock.
Zone C  is fractured and unaltered bedrock which serves 
as the aquifer. Here» resistivity variation results 
primarily from porosity and water quality. With increasing 
depth » the porosity and permeability of this material is 
reduced by an increase in effective stress.
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In Zone D . the fractures are closed to the point where 
porosity and permeabillty is greatly diminished. The 
interface of zones C and D marks the lower limit of the 
aquifer proper. The variability in resistivity in this zone 
can result from differences in water quality and quantity.
The computer models from each VES along with the field 
data and geologic interpretations of site one are given in 
Tables 1-4 and Figures 2—5.
Site Two : Jette Ranch
A generalized geological model for site two is shown in 
Figure 6- This area differs from site one with respect to 
the conqsosition of the overburden material. Here, the 
overburden is comprised of glacial stratified drift 
consisting of sand, gravel, silt, and clay. The layering of 
these materials is complex and poses several problems for 
resistivity interpretation: (1) Area well logs lack the
detailed information concerning layer thicknesses necessary 
to maintain geologic control in the modeling process. (2) 
The alternation of thin layers of material favors 
suppression. (3) The depositional mechanisms of stratified 
drift generally promote lateral discontinuity of material. 
The effects of this last condition are apparent on the 
sounding curve VES JR—3. I considered a single geoelectric 
layer which encompassed the glacial drift with an average 
resistivity. Although theoretically incorrect, it served
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Table 1. Resistivity model and data from VES A P - 1 .
Layer
Resistivity model VES AP-1 
Thickness Resistivity Depth to
# (f ) (ohm—m> (f >
1 3. OO 550.00 0. OO
2 25. OO 200.OO 3. OO
3 4.00 50. OO 28.00
4 85 . OO 380.OO 32. OO
5 bedrock 1300.OO 117.00
Electrode
Schlumberger technique 
Model Observed
spacing apparent resistivity apparent resist
(f ) (ohm—m) (ohm—m)
6.00 386.83 379.24
10.00 278.42 286.53
14. OO 234.94 235.94
20. OO 213.08 212.13
30.00 203.30 192.74
40. OO 202.21 201.50
60.00 213.89 233.39
80.00 236.09 238.51
100-00 261.74 263.25
120.00 287.81 294.09
160.00 338.68 346.06
200.00 387.55 388.91
240.OO 434.31 432.54
300.OO 499.82 501.46
400.00 595.76 598.67
Average percent deviation -from data is 1.8 %
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Apparent Resistivity as a function of Electrode Spacing Data: *
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interpretation of VES AP-1.
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Table 2. Resistivity model and data from VES A P - 2 .
Resistivity model VES AP—2
Layer Thickness Resi stivi ty Depth to
# <f ) (ohm—m) (f )
1 8. OO 120.00 O. OO
2 30.00 80. OO S. OO
3 1O O .OO 375.OO 38-00
4 bedrock 650.00 138.00
Schlumberger technique
Electrode Model Observed
spacing apparent resistivity apparent resist
<f ) (ohm—m) (ohm—m)
6.00 118.05 118.18
10.00 113.40 113.70
14.00 107.69 102.23
20-00 100.72 96. 73
30.00 96.59 101.44
40.00 99.57 102.00
60.00 115.88 121.06
80. OO 136,78 136.66
lOO.OO 157.68 156.OO
120.OO 177.31 182.60
160.00 212.40 221.80
200.00 243.02 260.84
240.OO 270.28 271-70
300.00 306.25 296.OO
400.00 356.11 325.93
Average percent deviation from data is 3.3 %
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An>areni Ktsistivity as a function cf Electroj* Spacing Data: *
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Table 3. Resistivity model and data from VES A P - 3 •
Resistivity model VES AP—3
Laver Thi ckness Resistivity Depth to Top
# (f ) (ohm—m) (f )1 12.00 50. OO 0.00
2 28. OO 35. OO 12,00
3 75. OO 450.OO 40. OO
4 bedrock IlOO.OO 115.00
Schlumberger technique
Electrode Model Observed
spaci ng apparent resistivity apparent resistivity
(f > (ohm—m) (ohm—m)
6. OO 49. 80 52. 78
10.00 49. 19 48.86
14. OO 48.25 47.99
20- OO 46.76 42.85
30.00 45.75 44. 28
40.00 47. 40 47.81
60.00 56. 66 53.23
80. OO 69.77 59.58
100.00 83.95 86.28
120.00 98. 16 105.18
160.00 125.78 130.13
200.00 152.16 160.71
240.00 177.41 179.74
300.OO 213.36 219.69
400.00 268.60 271.82
Average percent deviation from data is 4 . 5  %
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Apparent Jtesistivitg as a function of Electrode Spacing Data: +
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Figure 4. Resistivity curve and 
interpretation of VES AP-3.
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Table 4. Resistivity model and data from AP-4.
Layer Resi sti vi ty Thi ckness model VES AP—4 Resi sti vi ty Depth to* <f ) (ohm—m) <f >
1 15. OO 80. OO 0 . OO2 5. OO 70. OO 15.003 1lO.00 200.OO 20.004 bedrock 900.OO 130.OO
Electrode
Schlumberger technique 
Model Observedspaci ng apparent resistivity apparent resist:
(f ) (ohm—m) (ohm—m)10.00 80.85 83.2214.00 82. 19 81. 4720.00 85.67 77. 98
30.00 94.70 93. 65
40.00 105.62 109.3460.00 126.69 137.46
80.00 144.34 157-59
100.00 159.45 160.46120.00 173.18 173.45
160.OO 199.14 193.48
200.00 224.86 219.46
240.00 250.65 252.46
300.00 288.71 286.55
400-OO 347.78 341.05
500.00 399.84 401.61
Average percent deviation from data is 3 . 0 %
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Apparent Resistivity as a function of Electrode Spacing__________ Data: +r
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the interprétât ion needs for this particular study.
Zone A is composed of layers of sand, gravel, silt, and 
clay. The variability in resistivity is explained by a 
difference in water quantity, quality or clay content.
The low resistivity of zone B indicates a water bearing 
material which may be a perched aquifer. The evidence for 
this comes from area well log information and resistivity 
profiling- Geologically, this zone consists of the same 
material as zone A. The high value for this zone in 
sounding JR— 1 is probably due to a decrease in clay content 
in that area. Since zone B directly overlies fractured 
bedrock, the permeability contrasts between these two may be 
responsible for the perched conditions.
Zone C consists of fractured bedrock which is partially 
saturated from leakage of the over lying perched aquifer.
The water content gradually increases with depth until a 
point of saturation is reached _
Zone D begins at the water table which is located in 
the fractured bedrock. This zone represents the main 
aquifer in the study area. Like site one, the fractures 
eventually close as the effective stress increases with 
depth.
Zone E begins at the lower aquifer limit where porosity 
and permeability is greatly reduced.
The computer models, along with field data and geologic 
interprétâtions for site two are given in Tables 5—7 and
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Figures 7—9.
U k f E m i M A T I O M  OF F O m A T l O N  FACTOR
An apparent formation factor for each sounding is 
calculated by dividing bulk aquifer resistivity by the 
ground water resistivity at that location.
I determined the ground water resistivity by measuring 
the specific conductance of water samples taken from wells 
adjacent to each sounding with a YSI model 33 specific 
conductance meter. This unit has a range of O —50*000 
Mmho/cm with ± 2% error.
Table 8 lists the apparent formation factor along with 
the bulk aquifer resistivity and ground water resistivity 
for each sounding location.
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Table 5- Resistivity model and data from JR-1
Resistivity model VES JR— 1
Layer Thi ckness Resistivi ty Depth to# <f ) (ohm—m) (f )1 10. OO 150.00 0. OO2 35.00 85. OO lO. OO3 50. OO 450.OO 45.004 300.OO 160.OO 95. OO
5 bedroc k 900.OO 395.00
Schlumberger technique
Electrode Model Observed
spaci ng apparent resistivity apparent resist
(f ) (ohm—m) < ohm—m)
6. OO 148.15 163.33
10.00 143.09 132,14
20. OO 124.08 123.93
30.00 111.39 125.37
40. OO 107.76 107.63
60.00 115.52 112.19
80.00 130.52 125.67
lOO.00 145.98 147.27
120.00 159.57 169.67
160.00 179.73 183.97
200.00 192.31 192.02
240.00 200.00 202.99
300.OO 206.69 203.68
400.OO 214.lO 212.15
600.00 235.83 242.43
BOO.OO 269.03 257.58
1000.00 306.57 284.73
Average percent deviation from data is 3.8 X
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Table 6. Resistivity model and data from JR-2.
Resi sti vi ty model VES JR—2
Layer Thi ckness Resi sti vi ty Depth to Top
# (f > (ohm—m ) (f >
1 15.00 73. OO O. OO
2 55. OO 35. OO 15.00
3 40.00 425.OO 70.00
4 300.OO 150.00 n o .  OO
5 bedrock 1lOO.OO 410.00
Schlumberger technique
Electrode Model Observed
spacing apparent resistivity apparent resistivity
(f ) (ohm—m) (ohm—m)
6. OO 72.64 74.37
lO. OO 71 . 48 80. 80
14.00 69. 39 69. 31
20.00 64.99 60. 14
30.00 57.05 55. 33
40.00 51. 14 50.03
60.00 46. 76 49. 28
80. OO 48.57 46.56
lOO.OO 53. 24 53.24
120.00 59. lO 63. 34
160.00 71.47 71.52
200.00 82.98 77. 12
240.00 93.24 88.98
300.00 106.67 107.72
400.00 125,69 112.62
600.00 158.90 156.65
800.00 191.28 196.91
1000.00 223.88 210.26
Average percent deviation from data is 4.2 %
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Table 7* Resistivity model and data from JR-3*
Layer
Resistivity model VES JR—3 
Thickness Resistivity Depth to
# (f ) (ohm—m) <f )
1 95. OO 175.OO O. OO
2 50. OO 35. OO 95. OO
3 25. OO 450.00 145.OO
4 250.00 225.00 170.OO
5 bedrock 1400.OO 420.OO
Electrode
Schlumberger technique 
Model Observed
spacing apparent resistivity apparent resist
(f ) < ohm—m) (ohm—m)
6. OO 174.99 209.59
10.00 174.98 165.46
14.00 174.94 207.98
20. OO 174.81 157.64
30.00 174.37 176.70
40.00 173.55 180.81
60. 00 170.53 160.50
80.00 165.65 156.32
100.00 159.36 163.80
120.OO 152.35 153.51
160.00 139.OO 138.04
200.00 129.61 123.75
240.OO 125-31 131.25
300.00 126.90 128.95
400.OO 141.76 141.04
600.00 184.44 189.16
800.00 229.04 231.76
935.00 258.68 206.82
Average percent deviation from data is 5 .3 %
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Table 8. Geoelectr ic aquifer properties and apparent 
formation factors.
l_ocat ion Aqu i f er 
Resist ivi ty 
< ohm—m )
Ground Water 
Resi st ivi ty 
< ohm—m >
Apparent 
Formation 
Factor
AP-1
AP-2
AP-3
AP-4
JR-1
JR-2
JR-3
380
375
450
200
160
150
225
77.7
77.7
99.7 
45.0 
50.4 
36.6 
48.3
4.89
4.83
4.51
4.44
3. 17
4. lO 
4.66
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APPEMDIX TUO 
COLlJECrifM AND ANALYSIS OF AQUIFER TEST DATA IN STUDY AREAS
This appendix contains descriptions of the procedures 
and problems encountered during aquifer testing in study 
sites one and two. Also included are the actual field data 
and the calculated transmissivity and hydraulic conductivity 
for each test.
DATA COLUEGTION AND PROBLEMS ENCOUMIEiED
Site One: Arlee Pines
I used both slug and short-term constant discharge 
pumping tests to determine transmissivity values in site 
one.
The pumping tests relied on pre-existing wells which 
contain submersible pumps that deliver water for domestic 
use. These wells are typically constructed using 4 inch 
perforated plastic liners which are placed in a 6 inch bore 
hole. The perforations may or may not extend throughout the 
entire length of the bore hole. During testing* the maximum 
discharge from these systems ranged from 8.8 to 13.5 gallons 
per minute.
Discharge lines were connected to outside faucets and 
directed away from the well to prevent unwanted infiltration 
in the immediate vicinity of the well bore.
Unfortunately domestic systems of this type use a
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pressure sensing device which turns off the pump after a 
certain storage capacity and pressure is reached. A low 
discharge will then cause the pump to repeatedly turn on and 
off. I also found that due to constrictions and frictional 
losses within the plumbing, one outlet in the system may not 
allow for the high discharge needed to keep the pump on. I
overcame this problem by employing two or three outside 
faucets during the test.
I measured the discharge from the line(s> using a 
circular orifice weir (Driscoll, 1986) and volumetrically 
with a container of known volume and a stop watch. I 
measured drawdown in the wells using electric and steel 
tapes.
Since well AP— 1 did not contain a usable pump, I used a 
slug test to determine the transmissivity in that area. The 
slug consisted of a length of PVC pipe which was weighted 
and sealed at both ends. I used a pressure transducer to 
measure the changes in water level after injection of the 
slug into the well bore. I also took periodic water level 
measurements with a steel tape to further calibrate the 
transducer output.
I ran a slug test in well AP—2 and compared the 
resulting transmissivity value with that obtained from the 
pumping test. Both tests gave very similar results which 
reaffirmed the validity of the slug test method.
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Site Two : Jette Ranch
I ran a pumping test in site two using well JR—2 which
serves as both a domestic and agricultural water supply.
The pump delivered a constant discharge of 65 gallons per 
minute which was directed into a lined farm pond. I used an 
electric tape to measure drawdown in the well.
I used the slug test method with well JR—3 since it did
not contain a submersible pump. Once again I used a
pressure transducer with a steel tape to measure the changes 
in water level.
Wei 1 JR-1 supplies water to a nearby development and 
unfortunately I was unable to gain access to perform a test. 
Howeverf I did obtain pumping test data previously collected 
by the Water Master of Jette Properties- I then interpreted 
his data to determine a transmissivity value. While the 
accuracy of this data is in quest ion, the resulting 
transmissivity value is in the range of the other two tests.
DATA ANALYSIS
I matched the data from wells AP—2 and AP—3 to the 
curves of Boulton and Streltsova <1977), wells AP—4, JR— 1 
and JR—2 to the curves published in Lohman (1972), and slug 
test data of wells AP-1, AP-2 and JR—3 to the curves of 
Papadupo1us et al. (1973).
Each set of aquifer test field data is plotted and 
shown in Figures lOa through lOg.
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For comparison» I calculated transmissivity values 
using the Cooper-Jacob approximation of the Theis equation 
(Todd, 1900). The amount of error introduced from using
Theisian assumptions became very apparent in the results.
Table 9 summarizes the results from all of the aquifer 
tests including transmissivity values calculated from the 
Cooper—Jacob method. I calculated hydraulic conductivity 
values using the aquifer dimensions obtained from the 
resistivity models.
AOUIFER TEST BATA
Site One: Arlee Pines
PUMPING TEST WELL AP-2 
Q = 13.57 GPM
drawdown (ft > time since pump on (min)
10.50 1 .OO
16.50 2.00
20.50 3.00
25.50 4.00
30.50 5.00
35.50 6.00
42.50 8.00
48.00 10.00
60.00 15.00
69.00 20.00
74.50 25.00
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Table 9. Summary of aquifer test analyses
CD
8
CD
3.3"
CD
CD■DO
Q.Cao3-oo
Well TransmissiVi ty Aquifer Hydraulic
Location (gpd/ft) Thickness Conductivity
slug test pumping Cooper-Jacob (ft) (gpd/ft*)
AP-1 55* — — — 85 0.65
AP-2 45 48* 57 100 0.48
AP-3 — 64* 47 75 0.85
AP-4 128* 713 110 1.16
JR-l — — 369* 791 300 1.23
JR-2 —  — 386* 450 300 1.29
JR-3 168* ** — 250 0.67
CD
Q. * Denotes value used to calculate hydraulic conductivity
"O
CD
C/)C/)
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PUMPING TEST WELL AP-3
Q = 10.1 GPM
town (ft) time since pump
5.04 0.50
7. 13 0.75
8.39 1 .25
1 1 . 15 1 .50
12.54 1 .92
13.64 2.45
16.13 3.07
19.71 4.20
21 .93 4-97
24.59 6.03
28.74 8-00
32.05 10.03
39.84 15.03
46.93 20. lO
52.89 25.00
PUMPING TEST WELL AP-4
Q = 8.8 GPM
drawdown < f t )
5. 75 
6.30 
6.35 
6.45 
6.55 
6 .56 
6.65 
6.73 
6.82 
6.87
time since pump on (min)
2.95
5.40
7-37
9.57 
15-48
17.57 
30.38 
52. 15 
74.60 
98.23
SLUG TEST AP-1
change in 
water level
0.91
0.90
0.89
0.89
H/Ho
1 .OO 
0.99 
0-98 
0.98
SLUG IN
time since 
slug in (min)
0.00
0-08
0.25
0.42
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0.89 0.98 0.58
0.88 0.97 0.83
0.87 0.96 1 .33
0.86 0.95 1 .83
0.85 0.93 2.50
0.84 0.92 2.83
0.83 0.91 3.58
0,83 0.91 3.75
0.82 0.90 4.00
0.82 0.90 4.25
0.81 0.89 4.58
0-81 0.89 4.83
0.80 0.88 5.00
0.80 0.88 5.33
0.79 0.87 5-67
0.78 0.86 6 . 33
0.78 0.86 6.67
0-77 0.85 7.00
0.77 0.85 7.33
0.76 0.84 7.75
0-76 0.84 8.00
0.75 0.82 8.42
0-75 0.82 8.83
0.74 0.81 9.17
0.73 0.80 10-00
0.73 0.80 10.33
0.72 0.79 10.67
0.71 0.78 11 .50
0-71 0.78 11 .83
0.70 0,77 12.25
0.70 0.77 12.50
0.69 0.76 12.83
0.68 0.75 13.75
0.68 0.75 14.00
0.67 0.74 14.83
0 .66 0.73 15.67
0.66 0.73 16.00
0,65 0.71 16.83
0.64 0.70 17.75
0.64 0.70 18.00
0.63 0.69 19.00
0.62 0.68 20.00
0.61 0.67 21 - OO
0.60 0.66 22.25
0.59 0.65 23.25
0.58 0.64 24.25
0.57 0.63 25.83
0.56 0.62 27.67
0.55 0.60 28.75
0.54 0.59 30.25
0.53 0.58 31 .75
0.52 0.57 33. 17
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0.51 0.56 34-83
0.50 0.55 36.67
0.49 O .54 30.50
0.48 0.53 41 .OO
0.46 0.51 44.67
0.45 0.49 46.83
0.40 0.44 61 -67
0 .36 0.40 76.00
0.32 0.35 100.00
0.29 0.32 123.00
0.28 0.31 131.OO
0.25 0.27 186.00
3 TEST AP-1 SLUG OUT
0.77 1 - OO 0.00
0.74 0.96 0.67
0.73 0.95 1 . 17
0.72 0.94 1-50
0.71 0.92 1 .67
0.71 0.92 1 .83
0.70 0.91 2.00
0.69 0.90 2.33
0.68 0.88 2.67
0.67 0.87 3.00
O . 66 0.86 3.50
0.65 0.84 4.08
0.64 0.83 4.33
0.63 0.82 4.83
0.62 0.81 5.33
0.61 0.79 5.92
0.60 0.78 6.42
0.59 0.77 7.00
0.57 0.74 8.00
0.54 0.70 9.67
0.52 0.68 10.83
0.51 O . 66 11 .58
0.50 0.65 12.33
0.47 0.61 14.58
0.46 0.60 15.42
0.43 0.56 18.00
0.40 0.52 21 . 17
0.36 0.47 26. 17
0.35 0.45 27.00
0.33 0.43 30.00
0.29 0.38 35.83
0.26 0.34 41 .33
0.23 0.30 47.50
0.21 0.27 52. 17
O. 19 0.25 56.00
O. 16 0.21 66.00
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O. 14 
0.10 
0.07 
0.00
O. 10 
O. 13 
0.09 
0.00
72.50
90.00
103-00
146.33
Site Two : Jette Ranch
PUMPING TEST WELL JR-l 
Q = 105 GPM
drawdown (f t )
194.50
204.00
204.00
209.00
213.00
213.00
227.00
227.10
227.10
time since pump on (min)
10.00 
20.00
30.00
40.00
50.00
60.00
90.00
120.00
300.00
PUMPING TEST WELL JR-2 
Q = 65 GPM
drawdown (ft) time since pump on (min)
42.50 2. 18
48 . 50 3.07
49.50 3.67
50.00 4.58
51 .50 8.75
52.00 12.08
52.50 24.53
53.50 38.50
54.00 60. 17
54.50 108.33
54.50 150.00
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SLUG TEST JR-3
change in H/Ho
SLUG IN 
time (min)
water level
0.931 1 .OOO 0.000
0.585 0.620 1 .OOl
0.598 0.642 1 .250
0.572 0.615 1 .433
0.546 0.587 1 .817
0.495 0.532 2. 167
0.470 0.504 2.450
0.457 0.491 2.583
0.431 0.463 3.000
0-405 0.435 3.333
0.354 0.380 4.367
0.290 0.312 5.833
0.239 0.256 7.200
O. 187 0.201 8.667
O. 175 O. 188 8.917
O- 162 O. 174 9.333
0.123 O. 133 11.200
0.085 0.091 13.083
0.059 0.064 15.667
0.034 0-036 18.667
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Use 
D - Domestic 
lid — Multiple Domestic 
St - Stock 
U — Unused
Drilling Method 
R — Rotary 
Ct — Cable Tool
Locat ions denoted by: 1/4 Section/Section/Township/Range
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CD■DO
Q.
Cg
Q.
■D
CD
C/)C/)
Well No.
and
Location
Use Elev Drilling Date Diam Depth Perforated Static Uatei 
(ft) Method Completed (in) (ft) Interval Level
(ft) (ft)
CD
8 AP 1IÆ/9/16N/20W U 3750 Ct 6/28/78 6 64 20-64 3725
CD
AP-2
NE/9/16N/20W 3725 11/1/79 6 140 100-130 3710
33"
CD
CD■DO
Q.Cao3"Oo
AP-3
NE/9/16N/20W D 3730
AP—4
SW/10/16N/20W D 3780
JR-l
SE/14/23N/21W Md 3570
R 4/1/88 6 100
9/27/79 6 180
8/12/80 a 405
70-180
3707
3720
3452
CD
Q. JR-2
SE/14/23N/21W D,St 3595 R a 450 3455
T3
CD
(/)
(/)
JR-3
23/23N/21W U 3560 R 10/1/84 6 380 340 380 3447
CA
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